[fitly 17, 18, 19421 selves so intimately into the bony framework of the skull that, under the stress of injtury and disease, they can be at times a very real anxiety to the neurologist and neuro-surgeon. The bony partition between the mucosal lining of the sinuses and the dural covering of the brain is verv thin and brittle, particularly over the ethmoidal cells, and it is easily disrupted Nvhen severe grades of violence, such as those incidental to motor vehicle and aircraft accident, impinge on the frontal and fronto-temporal regions or, less frequently, on the face which juts dowvnward prominently from the anterior part of the base of the skull.
The material on which my sttidv of the problem of fractures of the frontal and ethmoidal sinuses is based has been obtained mostly from a militarv hospital for head injuries, all thle cases treatedl there being includled, and also from Brigadier Cairns' owI series of pre-war cases.
The total nUrmber of cases in the series is 128. Of these, 103 were treate(d at the Military Hospital and 25 wvere pre-war cases of Brigadier Cairns. In trving to arrive at all idea of the incidence of frontal andl ethmoidal sinus fractures in cases of head injury in general, I shall confine myself to the series in the Military Hospital. Out of a total of 1,731 cases of head injury admitted since the hospital opened, 655 or 370/ had fractures of the vatult or base of the skull. Out of these 655, 103 or 1500 had fractures involving the sinuses now under discussion. This is a higher percentage than in a comparable General Hospital because more members of His Majesty's Forces travel rapidly on motor-cvcles or in motor-cars or aeroplanes than do civilians. Reference to Table I , in which the natuLre of the accident is tabulated in percentages for the hospital series of 103 cases, shows that in 690% the patient had been travelling at speed at the time of his head injuirv, whilst in onlY 9'(, was the injury due to his being knocked down when walking along the road. This differs greatly from condition-s in civilian life in which the latter cauise is muich morc frequient. In 700/ the fractures were compoLind not onily into the nose, but also through the skill of the forehead. Thus, an open wound demanding prompt excision frequently exists, and the important question arises how mtich should be done at operation in the acute stage tor the fracture underneath. This will be referred to later.
Anosnija. The state of the olfactorv sense was knowvn in nearly all of the cases. In 35°, of these, the sense of smell was completely lost in one or both nostrils. Provided the nasal passages are clear, the presence of complete anosmia either unilaterally or bilaterally has a certain implication, for dural tearing vas more than twice as common in such cases as in patients with only slight or no impairment of smell whatever.
Apart from gross brain damage, Nvhich is no more inimical in the frontal lobes than elsewhere in the brain, the chief hazard in cases of frontal or ethmoidal sinus fracture is laceration of the dtural barrier and spread of infection intracranially from the nose. The question whether or not the dcura is torn is therefore of the utmost concern. The knowledge that it is torn at once gives the case a more sombre complexion. The two unequivocal signs of clutral rupture are leakage of cerebrospinal fluid from the nose and the presence of an intracranial aerocele. With either of these complications, the patient must be considered to be in grave jeopardy. An analysis of the cases in the present series will sufficiently demonstrate this point.
Cerebrospinal rhinzorrhca.-Of the total of 128 cases, there were 21 -v.with cerebrospinal rhinorrhoea, of whom 11 were treated conservatively and 10 werc submitted to operation. In most of the conservatively treated cases, operation was advised but rejected by the patient. In a few, operation was for one or another reason not undertaken, either because of the patient's advanced age or other disadvantageous circumstance, or because the cerebrospinal fluid leak, of very short duiration and never profuse, had long ago ceased by the time the patient presented for treatment, and, judging by the X-ray appearance of the fracture, it was likely that the meningeal tear had been firmly sealed off. The restults in this series are summarized in Table II . Intracranial aerocele.-This condition was present in 9 of our cases. Six of them were treated conservatively and 3 by repair of the dura. All of the 3 cases operated upon recovered. Of the 6 patients treated conservatively 4 recovered and are well up to date. The remaining two developed meningitis and one of them died (see Table III ). In a further 13 cases in which there was neither a historv of rhinorrhoea nor radiological evidence of aerocele, the presence of a dural laceration was either demonstrated at operation or proved to have been present in certain cases that succumbed as a result of meningitis or brain abscess.
Cases wit/l positive evidenzce of dutral tear.--Adding the later 13 cases to the previous groups gives a total of 43 cases with positive evidence of a dural tear complicating frontal and pthmoidal sinus fractures. A study of the combined group is instructive.
Twenty of these cases were treated conservatively, and of these, 9 recovered withotit incident and 11 developedl either meningitis or brain abscess, of whom 6 died.
Twenty-three had a dural repair operation, and of these 20 recovered without incident and 3 died. The 3 cases terminating fatally were all operated on during the acute stage.
One patient was subjected to excision of the scalp wound over the fractured frontal sinus within twelve hours of the accident, the fracture itself being left untouched. He-had a stiff neck and a positive Kernig sign after operation, and two days later he developed a temperature of 1030 F. The onset of meningitis was suspected and therefore the anterior and posterior walls of both frontal sinuses were removed and a large dural laceration at the back of the frontal sinuses repaired by a fascial graft. Unfortunately the patient developed a severe bronchopneumonia which termninated fatally. Post mortem the dural repair was entirely satisfactory. There was a thin layer of subdural clot and evidence of cerebral fat embolism, but none of meningitis. The reaction produced by clot and cerebral fat embolism had been mistaken for incipient mneningitis, and had an extensive operation for dural repair not been undertaken then, but rather deferred until the patient's condition was less critical, it is possible that he might have survived.
The second death in the operated series was that of a patient who had received a gunshot wound in theobentre of the forehead eight hours before admission to hospital. There was no amnesia. HIe was quite conscious and rational. The situation of the foreign body was localized carefully by X-rays and was found to be almost exactly in the mid-line about the position of the genu of the corpus callosum. One hour after admission to hospital, the entrance wound in the centre of the forehead was excised, exposing small, punched-out defects in the anterior and posterior walls of the frontal sinus. The macerated brain tissue presenting through the rent in the dura at the opening in the posterior wall of the frontal sinus was removed by gentle suction, and the metallic foreign body extracted with a pair of sinus forceps without difficulty. The operation was completed by the application of a small muscle graft over the dural opening, and the wound was closed. The patient did well afterwards, apart from a slight leakage of cerebrospinal fluid from his nose. This was treated conservatively, and then, rather suddenly, about five weeks after the accident, he developed a pneumococcal meningitis which ended fatally twelve days later. The conclusion in this case must be that tie operatsve treatment was inadequate, and that the situation might still have been saved had the leakage of cerebrospinal fluid led to prompt intervention and effective repair of the hole in the dura.
The third patient was admitted to hospital eight hours after the accident with a small wound in the forehead, above the right supra-orbital margin, through which pulped brain matter was escaping. The forehead wound was excised, #sd a good deal of comminution of the underlying bone Was found. A small right frontal osteoplastic flap was turned, revealing two small rents in the dura behind the fractured frontal sinus. The dura was opened, exposing Ai area of lacerated frontal pole, 3-5 cm. in diameter and 3 cm. deep, which was excised. The dura was then closed *atertight and the back of the frontal sinus explored extradurally, down towards the orbital roof. The dura here was intact, but a fracture running in the roof of the orbit was seen. As there was no apparent indication for further interference, the operation was terminated by leaving a small gutta-percha drain down to the orbital plate for twenty-four hours. The early post-operatie recovery was satisfactory, but eighteen days after the accident the patient developed a pneumococcal meningitis which proved fatal.. At post mortem it was found that the entrance of the infection had been through a second dural tear over the ethmoidal cells, posterior to the area of operative exposure.
Section of Laryngoglogy 807
In order to estimate the incidence of spread of infection intracranially and the deathrate following fractures of the skuU involving the frontal add ethmoidal sinuses, I shall have to limit myself to the hospital series. Ouit of the total of 103 cases, there were 5 deaths from meningitis or brain abscess. Two further cases developed a brain abscess secondary to the sinus fracture, but recovrered with excision, and one case of meningitis survived after intensive M & B therapy and was then succesSfuLyl grafted. This represents a morbidity rate of 8% and a death-rate of 5%,'S from spread of infection intracraniallv in the frontal and ethmoidal sinus fraCtures in our series. For se%eral reasons these figuresprobablv do not give a true representation of the outlook in cases of fracture involving the paranasal sinuises.
First, a number of our cases with dural laceration, and certainl, most of the severe ones, were protected by a fascial graft. Secondly, as the hospital has been in operation for only about two and a half years, the folloov-up period is very short, and it would be too optimistic to expect that all the eases with positive evidence of dural tearing, untreated by fascial grafting, would escape a fatal meningitis in the future. Thirdly, it is probable that some of t4e cases with severe dural tears actually develop meningitis and SuICCmb withouIt having recovered sufficiently from their cerebral damage to) be fit for transfer to a head injuiry centre. In many cases of frontal sinus fracture, for example those in which it can be shown radiologically that the fracture is limited to the anterior wall of the frontal sinuis, the question of duiral repair does not arise, and a number of cases fall into this group.
In the cases of cerebrospinal rhinorrhor a anid aerocele (operated and unoperated cases inclusive) the morbidity rate in respect of intracranjal infection was 23'S, and thze deathrate 12%. In the cases of cerebrospinal rhinorrho& and aerocele treated conservatively, the morbidity rate due to intracranial infection was 5b't,, and the death-rate 25%. Juidging from these figures it seems that, unless there are very definite contra-indications on general grounds, all cases with a history of cerebrospinal rhinorrhoea or an intracranial aerocele should be operated upon and have their dural injury repaired. Some surgeons, however, consider that dural repair is unnecessary in those cases of cerebrospinal rhinorrhca in which the leakage has been slight and has ceased within a few days of the accident. Our figures show that this course is accompanied by some risk, and we have records of patients who have developed brain abscess or meningitis several months after the subsidence of a slight and evanescent cerebrospinal rhinorrhcea. It is generally granted that the presence of an intracranial aerocele indicates the necessitv for dural repair.
Including Brigadier Cairns' cases, intracranial infectionoccurred in 6 patients in the series in which no history of rhinorrh(-ra was forthcoming, and inwhich the presence of an aerocele had been excludedbv X-rav. In other words, intracranial infection occurred in 6 cases in which there wasno clinical evidence of dural laceration. Two of these patients developed brain abscess; one died, and the other recovered after excision of the abscess. Of the remaining 4 who developed meningitis 3 died. The fourth patient recovered with intensive sulphanilamide therapy. He subsequently had a fascial graft operation carried out stuccessfully for repair of a hole in the dura over the posterior ethmoidal cells.
The question therefore arises whether there are anv other indications, apart from rhinorrhcea and aerocele, which point to the likelihood of laceration of the dura in relationship to the fractured cranial "all of the frontal and ethmoidal sinuses and thus indicate the advisabilitv of operative intervention. Themost important investigation in t'his respect is the radiological one, and I would like to acknowledge my indebtedness to Major Davies for his help in the difficult radiological aspect of the problem. The views that h-ave been found most useful, apart from the lateral and stereoscopic P.A. films, are an occipito-mental projection and oblique orbital views taken from either side to show the optic foramina, orbital roofs, and thc region of the crista galli and ethmoidal cells.
A wide gap in the posterior wall of a frontal sinus or any considerable displacement of bone in that situation, a fracture running dowvn in the posterior wall of the frontal sinus to the anterior ethmoidal cells and widening rapidly as it descends, a fracture ;passing from one anterior cranial fossat across the cribriform plate to the opposite side of the base of the skull, a fractture associated with the projection intracranially of a sharp fragment from the back of the frontal sinuses or the medial part of the orbital roof, which Would be likely to penetrate the dura, would all have to be regarded as likelv to be complicated by dural laceration an(d therefore probably best treated b1 operation. The same applies to the inverted U-shaped fracture resulting from a blow on the side of the head in the region of the base of the external angular process of the frontal bone. The posterior limb of this fractuire passes down into the anterior temporal region, whilst the anterior limb descends atcross the forehead to enter the frontal sinus on the same or opposite side, ending in the roof of the orbit. This is a dangerous tvpe of fracture, especially when associated with much displacement at the fronto-zvgomatic svnostosis or with tilting of the crista galli over to the side. Either of these displacements suggests the likelihood of distortion in the neighbourhood of the ethmnoidal cells with fracture of their thin brittle roof. Any one of these fractures, especially if accompanied by gross impairment of smell, would be regarded as a strong indication for operation, apart altogether from the presence of rhinorrhoea or intracranial aerocele.
Operation.-The majority of cases have wvounds in the scalp leading down to the line of fracture. Excision of this wound, as in cases of compound fracture elsewhere, is therefore essential as soon as shock has been controlled. If there is cerebrospinal fluid coming from the nose, or if there is cerebrospinal fluid or brain tissue escaping from the forehead wound or the fracture is such that it is likely that there is an underlying dural tear, it has to be decided whether or not a long operation is to be undertaken to repair the dura during the acute stage, If the patient's general condition is gootl, the wound relatively clean, and little or no 'evidence of brain damage, and if adequate X-ray studies can be made to show the ramifications of the fracture without detriment to the patient's general condition, and all the requisite neuiro-surgical facilities are available, the best course may well be to proceed at once, turn an osteoplastic flap if necessary, and repair the dural defect. In manv cases some or perhaps all the attendant circumstances are disadvantageous: the wotnd is grossly contaminated, the general condition is such that to turn the patient abouLt in an endeavour to obtain satisfactory X-ray films would prejudice his chances of survival, or he is perhaps so rebellious and unco-operative that nothing short of general anaesthesia will suffice to control him during operation. In the majority of these, I believe the best course in the first instance is merelv to excise the scalp wound thoroughly, having first obtained portable X-ray views so as to have some idea of the condition of the skull underneath. Even this limited interference should be deferred until the patient has recovered from shock, the scalp in the meantime having been shaved, the skin cleansed up to-the edge of the wound, and a sterile pad sprinkled with sulphanilamide applied. The operation should when possible be carried out under local anaesthesia. The skin edges having been excised, all foreign bodies, blood-clot, fragments of devitalized tissue, and any small loose fragments of bone are removed, and the operation should be terminated by dusting the wound with sulphanilamide and suturing it carefully in two layers with interrupted sutures of waxed silk, and without drainage. It is wrong to prise up and pull out in haphazard fashion large depressed portions of bone through an inadequate incision and then to retire, leaving unrepaired a dural tear nowv in more easv commupsication with the nose or the air sinuses than it was prior to the bone removal. Subsequently, the patient is given adequiate doses of one of the sulphonamide drugs. I think chemotherapy is of value and should be employed in every case with blood-clot in the sinuses. No attempt should be made to wash clots ouLt of the nose. If the patient s unconscious, he is kept well over on his side to facilitate the escape of blood and secretions from the air passages. As soon as he is sufficiently recovered to co-operate, he is warned of the risk of blowing his nose or sneezing. Then, vhen the immediate dangers incidental to his brain inijury are past, a thorough X-ray study of the fracture should be undertaken. Now I believe is the time when, wvith all the data relating to the patient well worked out and with the probable situation of his dural lesion in mind, operation for the repair of the defect should be undertaken, the approach most likely to give an adequate exposure of the hole in the membrane being selected. In all cases with cerebrospinal rhinorrhoea, it is important that the patient should be ntursed in a separate room, that his attendants should wear a mask, and that no one suiffering from a head cold should be allowed to visit him.
In cases with gross comminution and depression of both walls of the frontal sinuses and almost certain dural laceration directlv underneath the fracture a complete removal of the anterior wall, the posterior wall, and the mucosal lining of both frontal sinuses may be necessary during the acute stage. Then the dura is repaired and the wound is closed with a drain passing through the fronto-nasal duct into the nose, as recommended by Cone. The skin of the forehead subsequientlv becomes adherent to the underlving dura and the exenterated sinuises are thus permanently obliterated. The supra-orbital margins should be spared as far as possible during bone removal, but, notwithstanding this, the operation is a very disfiguring one; and though the cosmetic appearance can be improved by bone-grafting later, the deformity may have some psychological effect on the patient.
Teachenor recommended operation in everv case of frontal sinus fractture dturing the incision at the upper medial angle of the orbit and removed that part of the orbital roof forming the floor of the frontal sinus. Blood-clot wvas then sucked out, but, unless rhinorrhoea existed or ccrebrospinal fluid was found in the sinus, nothing further was done except to leave a drain of rul)ber tubing, the inner end of which was made to lie atccurately over the upper end of the fronto-nasal duct, so that air forced up through the latter from the nose would have a ready means of escape to the exterior. This drain was left in place for a week. When there was a complicating rhinorrh(ea, the anterior wall of the frontal sinus wvas sacrificed to an extent sufficient to give good exposure of its posterior wall, which was in turni ablated to permit of repair of the underlying dural tear. There are certain objections to Teachenor's method. In the first place, operation on the injured SilnUS iS unnecessarv in the majority of uncomplicatecl frontal SilnUS fractures, for the blood-clot within is rarelv the starting point of a sinusitis, especially if sulphanilamide therapy is employed, injunctions against blowing the nose are followed, and interference witlh the nostrils in order to get rid of blood-clot is avoided. In the second place, the exposure obtained by the bone removal he recommends is inadequate, should the dural tear lie well back in the cribriform plate region, which is not infrequently the case. Lastly, drainage of the sinus to the exterior sometimes results in a troublesome fistula. Unless there is gross comminution and depression of both walls of the frontal sinuses, however, in which case Cone's operation mav be emplovecl, the most satisfactory method of approach when operation appears indicated, even dturing the acute stage, is by reflection of a small frontal osteoplastic flap just above the level of the frontal sinuses, as is usually employed in cases of chronic cranio-sinus fistula.
A history of preceding chronic frontal or ethmoidal sinusitis in a patient with traumatic cerebrospinal rhinorrhta shouldl be regarded as ani indication for immediate repair of the dural defect.
The usual coursc, when operation is carried out durinig the chronic stage, is to turn a small frontal osteoplastic flap, which should be made to extend across the middle line when the fracture involves the posterior wall of both frontal sinuses or spreads back in the roof of the orbit onl either side. The site of the dural tear may then be approached extradurally or intradurally. The method which Brigadier Cairns has tused (I. Laryng. & Otol., 1937, 52, 589) and which has been employed at our military hospital is the extradural approach. The dura is first separated from the posterior wall of the frontal sinus and then backwards along the roof of the orbit tuntil the tear is reached. A fringe of dura sLIfficientlv *vide to permit of water-tight suture or the secure application of a fascial graft, nmst be exposed all arotund the tear in the membrane.
The intradural approach recommended bv Julian Taylor for the treatment of a chronic fistula and reported by Major Eden in the British Joutrnal of Sutrgery (1942, 29, 299) may also be employed. It is claimed that thereby (1) a more readv localization of the dural defect and an easier repair of it with fascia is possible than-i by the extradural method;
(2) that, if the necessity should arise. closture of a rent on the other side of the middle line can be readilv effected: and (3) that direct contact with the fracture line leading into the sinus, which may possibly be inifected, is axoidled.
The final complication of these sinus fractures to which I will refer, and that only very brieflv, is sinusitis. In the hospital series there have been onlv 3 proven cases of frontal sinusitis, and intracranial infection did not occur in ainv of them. In all, the infection was very mild: one case responded within a few clavs to sulphanilamidc therapv and inhalations; another to an intranasal operation; ancl a third to drainage of a small abscess which appeared at the upper inner angle of the orbit.
These fractures of the air sinuses are of more serious moment and more often productive of grave complications than the literature on the subject would lead one to expect. Brigadier H. Cairns : At the ouitbreak of war our view was thalt practically all fractures into the frontal andl ethnmoidal sinuises should be operated on. We believed that there was usually a dural tear and, consequently, a considerable risk in cvery case that meningitis wouldl occtur as an immediate or remote complication. When the dura is broken there is tusually considerable separation of the edges and these ulnite by a layer of fibrous tissue which is thinnier than the dclra itself: this scar has proved in a nLImber of cases inadequate to prevent the spread of infection from the accessorv sinuLses to the meninges. In a series of cases reported to this Section five vears ago (Cairns, 1937) there were some in which fatal meningitis cnsued two or more years in one case six years-after the original injurv. Our belief ws--asnd so far I kno'w of no evidence against it that thorough repair of the d tra bvy suture or by fascia lata provides an adequate barrier against infection.
After the outbreak of wvar, with the establishment opf the NMilitary Hospital for Head Injuries, we soon found that fractures into the accessory sinuses were much more common than we tad supposed. I do Ilot think that this means that the frequency of these injuries has increased in war time, for as Major Calvert has shown nearly half of them are due to motor-cyclists' injuries, and the number of these is no greater now than it was beforc the war. It is merelv that now, for the first time, we have the patients segregated, and also they are probably much more thoroughly examined by X-rays than they were before.
It is on X-rav examination that the diagnosis depends. Our pre-war ideas about treatnient had been based on the selected cases of rhinorrhoea and aerocele. Manv of the militarv cases prove to be simple fissures of the anteAor or posterior walls of the frontal sinus; there is no rhinorrhoea or aerocele, and it may be extremelv difficult to infer from X-rav examination whether the dura is torn and separated, or whether it is intact. In one case where -X-ray showed a fracture with some separation of its edges in the posterior wall of the frontal sinus I found at operation that the dura was caught in the fracture line, but was intact. Either it had never been torn or, if torni, its edges had not separated and had united firmly.
I think there is general agreement that the dura should be repaired in cases of rhinorrhoa and aerocele, and in anv other case in which an attack of meningitis has occurred after sinus injury, with recoverv. The main problem is to know what to do about the other cases in which X-ray shows injury to the sinus walls. What is the risk of meningitis, either immediate or remote, in such cases, treated conservatively? This question can only be answered by a systematic long-term follow-up of an unselected series of cases.
As Major Calvert's studies show there is a risk of meningitis in such cases, but whether it is small or large we do not know. Meanwhile more information can be obtained by X-ray stodies and by correlating the X-rav findings with the condition of the dura as seen at operation and necropsy. It mav be that certain radiographic signs, such as tilting of the crista galli, will prove to be fairlvl constantlv accompanied by tearing of the dura; and that, with certain radiographic appearances, the presence or absence of anosmia will have a certain significance in relation to the state of the ddra.
I have been struck with the low incidence of sinusitis after fracture into the sinuses. In Major Calvert's series of about 100 cases there were only three in which there was clinical evidence of frontal sinusitis in the weeks following the injury. This differs from what happens in the mastoid process: in my experience, when a fracture involves the mastoid, mastoiditis often occurs.
The infrequency of overt sinusitis after injurv suggests that intracranial infection can occur-indeed, usuallv does occur-through sinuses that are not inflamed. If this is true, then it follows that the local operation on the injured sinuses as suggested by Teachenor is based on a false premise.
In 1937 I reported before this Section the case of a man who had suffered from meningitis and left frontal aerocele three years after a motor-cycle accident (Cairns, H. (1937), J. Laryng. & Otol., 52, 589) . During the meningitis, which was not severe, this man's left frontal sinus was explored and its mucosal lining was removed. In the posterolateral bony wall of the sinus there was a gap through which the soft tissues were seen to bulge. The argument advanced at the time was that, as the mucous membrane had been removed, the left frontal sinus would not be involved when the patient contracted an upper respiratory infection, and that therefore there was no further risk of meningitis.
During-.he next eighteen months the patient had two heavy colds without any complication, but two and a quarter years afterthe operation (and five and a half years after the original head injury), he developed a pneumococcal meningitis and tied. The meningitis supervened one month after a cold. At necropsy a small acute abscess was found in the left trontal lobe beneath the defect in the bony wall of the frontal sinus.
Local operation on the sinuses was ineffective in preventing meningitis in this case. Doubtless the mucous membrane of the sinuses regenerates quickly after removal.
Operation should provide for wide exposure of the dural surface of the accessory sinuses of both sides. I favour when possible the frontal flap and extradural approach, though the intradural approach of Tavlor and Eden is doubtless equally effective in many cases. For most cases complete exenteration of the bony walls of the sinuses seems an uinne-cessarily mutilating procedure.
All these are operations of magnitude, and if performed in the first hours after the injury will usuallv need to be accompanied by blood transfusion. For this and other reasons I think it is better in most cases to defer repair of the dural defect until a week or two after injury, the patient meanwhile being kept on sulphonamides, with due care that he does not blow his nose or contract a cold. Wounds on the forehead or bridge of the nose should be closed in the first twenty-four hotsrs after injury, and even when X-rays have shown that dural repair is necessary surgical intervention in the acute stage should usually be limited to debridement and closure of the scalp.
